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(54) Method and apparatus for enhancing the efficiency of radiant energy sources used in rapid 
thermal processing of substrates by energy reflection 



(57) A rapid thermal heating system which includes 
a plurality of radiant energy sources (39) to irradiate a 
predetermined area qt a substrate (81). The radiant en- 
ergy sources are associated with reflectors (1 59) where- 



in portions of radiated areas of adjacent radiant energy 
sources overlap. The reflectors include a flared specular 
surface (160) at their light emitting end or outlet. The 
flared specular surface reflects radiant energy toward 
the substrate. 
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Description 

This invention relates generally to a rapid thermal 
heating apparatus and method for rapidly heating a sub- 
strate, and more particularly to a radiant energy heating 
source having improved controllability of the spatial 
heating of a substrate by reflecting energy from a radiant 
energy source. 

Single-wafer processing of semiconductors is a 
powerful and versatile technique for the fabrication of 
very-large-scale integrated (VLSI) and ultra-large-scale 
integrated (ULSI) electronic devices. It combines low 
thermal mass photon-assisted rapid wafer heating with 
reactive ambient semiconductor processing. Both the 
wafer temperature and the process environment can be 
quickly changed (because of short transient times) and, 
as a result, each fabrication step and its sub-processes 
can be independently optimized in order to improve the 
overall performance of the fabricated devices. 

Rapid thermal processing (RTP) of semiconductor 
wafers provides a capability for better wafer-to- wafer 
process repeatability in a single-wafer lamp-heated 
thermal processing reactor. Numerous silicon fabrica- 
tion technologies use RTP techniques, including rapid 
thermal annealing (RTA), rapid thermal cleaning (RTC), 
rapid thermal chemical vapor deposition (RTCVD), rap- 
id thermal oxidation (RTO), and rapid thermal nitridation 
(RTN). For example, RTCVD processes to form dielec- 
trics (e:g. t oxides and nitrides), semiconductor materials 
(e.g. , amorphous silicon and polysilicon), as well as con- 
ductors (e.g., aluminum, copper, tungsten, and titanium 
nitride) can be performed using advanced RTP tech- 
niques for VLSI and ULSI device fabrication. 

In the- semiconductor industry, it is desirable to ob- 
tain temperature uniformity over the surface of each 
substrate during temperature cycling of substrates. Sur- 
face temperature uniformity provides uniform process 
variables (e.g., layer thickness, resistivity and etch 
depth) for various temperature-activated steps. such as 
film deposition, oxide growth and annealing. In addition, 
temperature uniformity is necessary to prevent thermal 
stress-induced damage such as warpage, defect gen- 
eration and slip. 

In the particular application of CMOS gate dielectric 
formation by RTO or RTN, thickness, growth tempera- 
ture, and uniformity of the gate dielectrics are critical pa- 
rameters that influence the overall device performance 
and fabrication yield. Currently, CMOS devices are be- 
ing made with dielectric layers that are only 60-80 Ang- 
stroms thick and for which thickness uniformity must be 
held within +/- 2 Angstroms. This level of uniformity re- 
quires that temperature variations across the substrate 
during high temperature processing cannot exceed a 
few degrees Centigrade (°C). 

The wafer itself often cannot tolerate even small 
temperature differentials during high temperature 
processing. If the temperature differential is allowed to 
rise above about 1-2 8 C, at 1200 °C, then the resulting 



stress is likely to cause slip in the silicon crystal. The 
resulting slip planes will destroy any devices through 
which they pass. 

Equipment manufacturers have spent significant 

s design resources to insure uniform wafer heating in RTP 
systems. For example, U.S. Patent No. 5,155,336 ('336 
patent), assigned to the assignee of the subject appli- 
cation, discloses an RTP chamber that utilizes a plurality 
of radiant energy sources arranged to supply heat to a 

10 substrate. The radiant energy sources are positioned so 
that irradiated areas of the substrate corresponding to 
adjacent radiant energy sources overlap. This overlap 
is caused by overlapping distributions of the radiant en- 
ergy density - also referred to as energy flux distribu- 

15 tions and measured in units of energy/area -- of each 
radiant energy source. The overlap helps to ensure that 
the entire surface of the substrate is irradiated uniformly 
Relative radiation intensity across a substrate is de- 
pendent upon the overlapping distributions from adja- . 

20 cent radiant energy sources. Additional radiation, how- 
ever, is contributed to portions of the substrate's surface 
from non-adjacent radiant energy sources through mul- 
tiple reflections of radiant energy off the surface of the 
substrate and the surfaces of the RTP chamber. The 

25 more reflective the surface of the substrate, the more 
energy is reflected off the substrate surface to be trans- 
mitted about the RTP chamber, to contact the sub- 
strate's surface at locations remote from the radiant en- 
ergy's source. 

30 As a result of the overlap of flux distributions and 
the multiple reflections of radiant energy, different radi- 
ant energy sources contribute in varying degrees to the 
radiation density at any one point on the substrate sur- 
face. This fact complicates the process of controlling the 

35 temperature profile across the substrate's surface 
through manipulating the energy supplied to the various 
. radiant energy sources. 

It has also been recognized that a trade-off occurs 
between the controllability of the temperature uniformity 

40 across the substrate surface and the efficiency of the 
radiant energy sources. For example, in an RTP cham- 
ber, as the energy flux distribution from a radiant energy 
source is restricted by, tor example, narrowing the outlet 
of the source's light pipe to achieve better controllability 

45 of the substrate's surface temperature, the efficiency of 
the radiant energy source decreases because less en- 
ergy is directed toward the substrate. Conversely, if the 
efficiency of the radiant energy source is increased by 
increasing the size ol the outlet, and necessarily the dis- 
* 50 tribution of radiant energy released from the radiant en- 
ergy source, the controllability decreases because of 
the increased multiple reflections and flux distribution 
overlaps, described above. Accordingly, it would be de- 
sirable to improve the efficiency of the radiant energy 

55 sources while not decreasing the controllability of the 
distribution of the radiant energy directed toward the 
substrate. 

It is a general object of this invention to provide an 
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improved radiant energy heating source for rapid ther- 
mal processing of substrates such as semiconductor 
wafers. 

It is further object of this invention to provide a ra- 
diant energy heating source which allows improved spa- s 
tial control of radiant energy applied to a substrate while 
realizing improved radiant energy source efficiency. 

It is another object of this invention to provide a ra- 
diant energy heating source which includes a plurality 
of reflectors having a tapered portion at the light emitting 
end which direct energy onto pre-determined overlap- 
ping areas of a substrate. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description, or may be 
learned by practice of the invention. The objects and ad- 
vantages of the invention may be realized and obtained 
by means of the instrumentalities and combinations par- 
ticularly pointed out in the claims. 

The present invention is directed to a thermal heat- 
ing apparatus for heating a substrate, during rapid ther- 
mal processing of the substrate. The apparatus includes 
at least two radiant energy sources and at least one re- 
flector. The reflector directs radiant energy from at least 
one of the radiant energy sources toward the substrate. 
The reflector has an aluminum specular reflector sleeve 
positioned within the reflector at a first end thereof to 
reflect radiant energy toward the substrate to radiate a 
limited area of the substrate. 

In another aspect of the invention, the specular re- 
flector includes a tapered region to reflect radiant energy 
from the radiant energy source toward a substrate. The 
specular reflector need not be aluminum. 

In another aspect of the invention, the thermal heat- 
ing apparatus includes a specular reflector surface at 
the first end of the reflector. The specular reflector sur- 
face includes upper and lower regions. The upper region 
is tapered to reflect radiant energy toward said sub- 
strate. 

In another aspect of the present invention, the ther- 
mal heating apparatus includes a processing chamber 
in which the substrate is disposed. The processing 
chamber includes a window positioned between the ra- 
diant energy sources and the substrate. Radiant energy 
is reflected from a specular reflector tapered region of 
a light pipe through the window into the chamber to ir- 
radiate the substrate. 

In another aspect of the present invention, a thermal 
heating apparatus includes at least one reflector having 
a flared specular reflector sleeve to reflect radiant ener- 
gy from a radiant energy source and direct it toward the 
substrate to radiate a limited area of the substrate. . 

In another aspect of the present invention, an ap- 
paratus for rapid thermal processing of a substrate in- 
cludes a evacuable chamber having a window, and a 
plurality of radiant energy sources disposed outside of 
the chamber and positioned adjacent to the window. The 
radiant energy sources have a central longitudinal axis 



that extends in a substantially perpendicular direction 
relative to the window. Reflectors associated with the 
radiant energy sources direct radiant energy through the 
window to radiate predetermined regions in a substrate 
in the chamber with a pattern of radiation intensity. The 
reflectors extend along a major portion of the longitudi- 
nal axis of the radiant energy sources. The reflectors 
include a tapered region at a first end adjacent to the 
window to reflect radiant energy from the radiant energy 
source and direct it toward the substrate. The radiant 
energy sources and the reflectors are positioned so that 
a portion of a predetermined region radiated by one ra- 
diant energy source overlaps a portion of a predeter- 
mined region radiated by and adjacent radiant energy 
source to provide radiation intensity across the sub- 
strate that is dependent upon the intensity of adjacent 
radiant energy sources. 

Among the advantages of the present invention are 
the following. A thermal heating apparatus providing im- 
proved efficiency of the radiant energy sources while not 
decreasing the controllability of the distribution of the ra 1 
diant energy directed toward the substrate. 

The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, schemat- 
ically illustrate the invention and, together with the gen- 
eral description given above and the detailed descrip- 
tion given below, serve to explain the principles of the 
invention. 

FIG. 1 is a schematic cross-sectional view of an 
RTP system in accordance with one embodiment of the 
present invention. • 

FIG. 2 is an enlarged schematic view showing a 
light pipe in accordance with one embodiment of the 
present invention. 

FIG. 3 is an schematic enlarged view showing a 
window assembly in accordance with one embodiment 
of the present invention. 

FIG. 4 is a schematic view showing a light pipe in 
accordance with an alternative embodiment of the 
present invention. 

FIG. 5A is an enlarged schematic view showing a 
light pipe including a tapered specular reflector at a light 
emitting end in accordance with the present invention. 

FIG. 5B is a schematic view of the light pipe of FIG. 
5A including a tapered specular reflector.wfth a tapered 
portion opposite the lamp envelope according to anoth- 
er embodiment of the present invention. 

FIG. 5C is a schematic view of the light pipe of FIG. 
5A including a tapered specular reflector tapered along 
its entire length according to another embodiment of the 
present invention. 

FIG. 6A is an enlarged schematic view showing a 
light pipe including a low power radiant energy source 
in accordance with the present invention. 

FIG. 6B is a schematic view showing the light pipe 
of FIG. 6A including a low power radiant energy source 
having a horizontal filament in accordance with the 
present invention. 
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FIG. 7 is a schematic plan view illustrating an alter- 
nate arrangement ol reflectors and radiant energy 
sources, in combination with which the present inven- 
tion may be used, in which multiple reflectors surround 
multiple energy sources. 

FIG. B is a schematic plan view illustrating another 
alternate arrangement of reflectors and radiant energy 
sources, in combination with which the present inven- 
tion may be used, in which multiple, concentric reflectors 
surround multiple energy sources. 

The invention described herein can be used in con- 
junction with a rapid thermal heating system of the sort 
described in U.S. Patent No. 5, 155,336, the entire dis- 
closure of which is hereby incorporated by reference. 
The processing chamber may be operated at either at- 
mospheric or reduced pressure (vacuum), with either a 
single window or a dual window assembly, respectively. 
Only a reduced pressure system will be described be- 
low. 

Referring initially to FIG. 1 , the apparatus of this in- 
vention is shown associated with a reduced-pressure or 
vacuum RTP chamber 20 having an evacuable chamber 
33, a window assembly 37, and a radiant energy assem- 
bly 38 overlying the window assembly. The walls of the 
chamber 33 are schematically shown at 34. The window 
assembly 37 forms the upper wall of chamber 33 and is 
sealed thereto by O rings 36. A substrate 81 , such as a 
silicon wafer, in chamber 33 is supported at its edge by 
spaced support fingers 82 mounted on a support tube 
'83. The RTP chamber may also be used to process oth- 
er sorts of substrates such as plastic panels, glass 
plates or disks and plastic workpieces. 

Support tube 83 is rotatably supported from cham- 
ber walls 34 by a bearing assembly 84. Magnets 86 are 
mounted on support tube 83. The magnetic fields of 
magnets 86 extend through walls 34 and couple to mag- 
nets 87 mounted on a drive ring 88 which is suitably driv- 
en (not shown). Rotation of the ring causes support tube 
83 and substrate 81 to rotate. During thermal processing 
a support structure, generally indicated at 1 08, is rotated 
at about 90 RPM. The magnetic coupling eliminates the 
need for an elaborate vacuum sealed drive assembly. A 
gas injection head 89 is provided for injecting process- 
ing gases into chamber 33 whereby various processing 
steps may be carried out in the chamber. . 

The radiant energy assembly 38 includes a plurality 
of radiant energy sources or lamps 39 associated with 
a reflector. In one embodiment, lamps 39 are 750 watt, 
120 volt Tungsten Halogen lamps, part no. ULS- 
750-QJKT, manufactured by Sylvania, Inc., 100Endicott 
Street, Danvers, MA 01 923. The reflector may be a light 
pipe 41 with a lamp mounted therein. The light pipe may 
be constructed of stainless steel, brass, aluminum, or 
other metal. In one embodiment, stainless steel light 
pipes manufactured by Luxtron Corporation-Accufiber 
Division, 2775 Northwestern Parkway, Santa Clara, CA 
95051-0903, may be used. The ends of the light pipes' 
41 are brazed, welded or otherwise secured to openings 



in upper and lower cooling chamber walls 42 and 43. A 
cylindrical wall 44 may be brazed, welded or otherwise 
secured to the peripheral edge of the cooling chamber 
walls 42 and 43, and together therewith defines a cool- 

s ing chamber 46. 

Coolant, such as water, is introduced into chamber 
46 via an inlet 47 and is removed at an outlet 48. The 
fluid travels in the space between the various light pipes 
41, thereby cooling them. Baffles (not shown) may be 

10 included to ensure proper flow through chamber 46. 

Referring now to FIG, 2, each light pipe 41 includes 
a wall 152 and a specular reflector 159 disposed at an 
end 164 proximal to window assembly 37. Wall 152 in- 
cludes an upper portion which may be an integral part 

15 of light pipe 41 or may be formed as an upper sleeve '31 
disposed within light. pipe 41. Upper sleeve 31 may be 
constructed from stainless steel. 

Specular reflector 159 may be formed as a sleeve 
disposed within light pipe 41 . Alternatively, specular re- 

20 fleeter 1 59 may be an integral part of light pipe 41 . Spec- 
ular reflector 159 may be constructed from aluminum. 
The more reflective the surface of reflector 159, the 
more energy is reflected to reach substrate 81 in cham- 
ber 33. Accordingly, face 160 of specular reflector 159 

25 is polished to improve reflectivity. Polishing may be ac- 
complished by slowly machining specular reflector 159, 
or by the use of a polishing or buffing wheel after ma- 
chining. In one embodiment, after polishing, surface 160 
is gold plated to prevent the surface from oxidizing and 

30 to maintain a high level of reflectivity. In order to prevent 
migration of gold into specular reflector 1 59, a nickel dif- 
fusion barrier is placed on surface 1 60 prior to gold plat- 
ing. The nickel barrier is applied using standard electro- 
less nickel plating techniques, and thereafter high purity 

35 gold is applied by gold plating. 

Each lamp 39 includes a base 54, filament 161, 
lamp envelope 162, lead wires 163, and conductors 
(molybdenum plates) 53. Conductors 53 transmit elec- 
trical energy provided by lead wires 1 63 to filament 1 61 . 

40. Filament 1 61 may be wound as a coil with its axis. par- 
allel to that of the long central axis of lamp envelope 
1 62. Most of the light from the lamps is emitted perpen- 
dicular to this axis toward wall 152 of the surrounding 
light pipe 41 . 

45 Radiant energy from lamp 39 is directed out of its 
associated light pipe's end 164 after many reflections. 
However, some of the energy is absorbed at base 54. 
This can cause the base of the lamp to reach much high- 
er temperatures as compared to, a lamp radiating in 

50 open space. If the base gets too hot, the average lamp . 
lifetime can be substantially reduced. Thus, a means for 
• cooling the lamp base is provided. Specifically, a ceram- 
ic potting 58 may be placed between lamp base 54 and 
upper sleeve 31 , thereby resulting in heat transfer from 

55 base 54 through ceramic potting 58 and upper sleeve 
31 to the surrounding wall 152. The ceramic potting is 
a good heat conductor providing excellent heat transfer 
from the base to the surrounding walls. 
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Another lamp failure mechanism occurs when the 
temperature of the lamp envelope increases above 
550°C. At this temperature, the lamp envelope 1 62 may 
soften enough to balloon or blister. This is a particular 
problem when utilizing tungsten halogen bulbs which s 
operate with very high internal gas pressures. This prob- 
lem is alleviated in the present invention by using an 
aluminum specular reflector 159. 

A pyrometer or detector 86 is shown in FIG. 2 co- 
operating with an adaptor 77 which is connected to a 
thin light pipe 78 extending between upper and lower 
cooling chamber walls 42 and 43. The detector 86 pro- 
vides an output signal indicative of the surface temper- 
ature of the substrate within the field of view of tight pipe 
78. A filter 79 is inserted in front of detector 86 and is 
selected to pass infrared energy of wavelength region 
4.8-5.2 micrometers, to avoid interference from the ra- 
diant energy delivered by light pipes 41 . 

Radiant energy assembly 38 comprising the plural- 
ity of light pipes 41 and associated lamps 39 allows the 
use of thin quartz windows to provide an optical port for 
heating a substrate within chamber 33. For a reduced 
pressure (vacuum) RTP chamber, a water cooled quartz 
window assembly, which is fully described in U. S. Pat- 
ent No. 5,155,336 and a portion of which is shown in 
detail in FIG. 3, is used. Window assembly 37 includes 
short light pipes 61 welded or otherwise secured to, or 
integral with, upper and lower flange plates 62 and 63 
which have their outer edges sealed to a wall 64. The 
light pipes 61 register with light pipes 41 in radiant en- 
ergy assembly 38, Cooling water is injected into spaces 
66 between light pipes 61 and lower flange plates 62 
and 63 to cool light pipes 61 and lower flange plates 62 
and 63. The flange plates and light pipes are sand- 
wiched between two quartz plates 67 and 68. The quartz 
plates 67 and 68 are sealed to flange plates 62 and 63 
by O rings 69 and 71 respectively. A vacuum is produced 
in light pipes 61 by pumping through a tube 73 connect- 
ed to one of the light pipes 61 , which in turn is connected 
to the rest of the light pipes 61 by small recesses or 
grooves 72 in lower flange plate 62. 

In window assembly 37, quartz windows 67 and 68 
adjacent light pipe 78 are cut out and fitted with sapphire 
windows 80 which transmit light of. a wavelength of . 
about 6.5 micrometers. Thus, light from the substrate is 
allowed to pass through sapphire windows .80, up 
through light pipe 78, through filter 79 and to detector 
86 which provides an output signal which is indicative 
of the surface temperature of the substrate within the 
field of view of the light pipe 78. 

Referring back to FIG. 2, the length of light pipe 41 
is selected to at least be as long as its associated lamp 
39. It may be made longer provided that the power 
reaching the substrate is not substantially attenuated by 
the resulting increased reflections. FIG. 4 shows a ge- 
ometry in which lamp 39 has a lamp envelope 1 62 which 
extends substantially to light pipe end 164. Specifically, 
lamp envelope 162 extends to approximately within . 



010 inches above end 164. This configuration results in 
an increase of efficiency in the radiant energy heating 
source of 35 percent (27 percent efficiency, e.g. power 
out/power in at the exit to light pipe 41) versus a similar 
configuration radiant energy heating source having a 
diffuse reflector and a quartz sleeve. 

Alternatively, the lamp 39 may be mounted in light 
pipe 41 such that lamp envelope 162 may extend be- 
yond the end of light pipe 41 . This type of extended lamp 
configuration may improve the efficiency of the radiant 
energy assembly 38. 

As shown in FIG. 5A, to increase the efficiency of 
radiant energy assembly 38, a light pipe 41 may include 
a flared specular reflector sleeve 200. The flared spec- 
ular reflector may be formed as an integral part of light 
pipe 41 , as opposed to a separate sleeve. Flared spec- 
ular reflector sleeve 200 includes an uppermost cylin- 
drical region 202 opposite (parallel to) lamp envelope 
162 and a lower tapered region 204 having a length D. 
Lower tapered region 204 is defined by a taper angle a 
which can be approximately 1 to 89 degrees, with 1 to 
30 degrees preferred. Tapered region 204 may consti- 
tute a substantial portion of the length of flared specular 
reflector sleeve 200, with 30 to 50 percent of the overall 
length preferred. As the taper angle increases, the 
amount of energy escaping from light pipe 41 increases, 
thereby increasing the efficiency of the lamp 39. Taper 
angle a may be empirically optimized to provide uniform 
illumination, any desired spatial intensity profile, or de- 
sired lamp efficiency. 

Tapered region 204 may start at a point level with 
the end of lamp envelope 162, although other configu- 
rations are possible, depending on the lamp efficiency 
desired. For example, FIG. 5B shows a tapered region 
204 having a taper angle ct1 , of approximately 4 de- 
grees, which starts opposite lamp envelope 162 result- 
ing in a tapered region having a length D1 of approxi- 
mately 30 percent of flared specular reflector sleeve 
200. In this embodiment using the Sylvania 750 watt 
Tungsten Halogen lamp (ULS-750-QJKT), a 60 percent 
increase in efficiency was measured (32% efficiency, e. 
g. power out/ power in at exit of light pipe 41 ) versus a 
similar radiant energy heating system having a diffuse 
reflector and a quartz sleeve. 

FIG. 5C shows a tapered region 204 having a taper 
angle ct2, of approximately 2 degrees, which encom- 
passes the entire length D2 of the flared specular reflec- 
tor sleeve 200. The increased length of the flared spec- 
ular reflector sleeve increases the efficiency of lamps 
39, reflecting more radiant energy toward the exit of light 
pipe 41 . However, as the length of the flared region in- 
creases, lamp cooling may become more problematic. 
'As the tapered region length increases, a larger air gap 
is created between the lamp envelope and the reflector 
sleeve. Lamp base overheating may result because air 
is not a very good conductor of heat energy. The selec- 
tion of the taper angle and the length of the tapered re- 
gion should be made accounting for this potential anom- 
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aly. 

FIG. 6 A shows a flared specular reflector sleeve 
300 having a first end 304 which is near base 54 of lamp 
39, a tapered region 306 beginning at first end 304 and 
extending away from lamp envelope 1 62 at a taper an- 
gle p, and a lower region 310. Taper angle p can be ap- 
proximately 1 to 89 degrees, with 10 to 45 degrees pre- 
ferred. Tapered region 306 may constitute a substantial 
portion of the length of flared specular reflector sleeve 
300, with 30 to 50 percent of the overall length preferred. 
In this embodiment, as the taper angle increases, the 
amount of energy escaping from light pipe 41 increases, 
thereby increasing the efficiency of the radiant energy 
heating source. In addition, where the filament length 
opposes the tapered region 306, radiant energy tends 
to be directly reflected parallel to the central axis of lamp 
envelope 1 62. The portion of the tapered region which 
opposes the lamp filament tends to collimate the radiant 
energy. 

Lower region 31 0 is cylindrical in shape forming per- 
pendicular walls relative to end 164 of light pipe 41 . Al- 
ternatively, lower region 310 may itself be tapered at a 
different angle from taper angle p. Lower region 31 0 pro- 
vides a second surface 31 2 for reflecting radiant energy 
out end 164 of light pipe 41 . 

In one embodiment, flared specular reflector 300 is 
constructed from aluminum and its outer surface (facing 
lamp 39) is gold plated to improve the reflective proper- 
ties of the flared specular reflector. 

The resulting increase in efficiency associated with 
this type of flared specular reflector sleeve is 150 per- 
cent versus a configuration having a diffuse reflector 
and a quartz sleeve (50 percent efficiency, e.g., power 
out/power at exit of light pipe 41). 

With the addition of the flared specular reflector 
sleeve as described above in relation with FIGS. 5A, 5B, 
5C, and 6A, a lower power radiant energy source may 
be used resulting in improved energy efficiency and in- 
creased source lifetimes. Specifically, in the embodi- 
ment of FIG. 6A, for example, lamp 39 may be a 410 
watt, 82 volt, tungsten halogen lamp having tight coils, 
manufactured by Sylvania, part no. ULS-AM410/82. 
This lamp has a relatively short filament and smaller 
overall bulb diameter which approximates an energy 
point source better than longer and wider filament 
lamps. An energy point source allows for accurate fo- 
cussing of almost all of the radiant energy generated by 
the source down the light pipe and onto a particular por- 
tion of the substrate, thereby enhancing controllability 
and minimizing energy losses. In addition, the smaller 
bulb diameter allows more space for radiant energy es- 
cape. The more space available between the lamp en- 
velope and the reflector, the more radiant energy may 
escape out the end of the light pipe. 

Alternatively, as is shown in FIG. 6B, lamp 301 may 
be configured to include a horizontal filament 350. Here- 
tofore, a radiant energy source with a horizontal filament 
could not direct a sufficient amount of radiant energy to 



heat a corresponding portion of a substrate given the 
constraints on the diameter of the light pipes and the 
reflection issues. As was described above, increasing 
the diameter of the light pipes lead to complicated 
5 source control and reflection problems in maintaining 
uniformity of heating across the substrate surface. How- 
ever, with the addition of a flared specular reflector 
sleeve (e.g. as is shown in conjunction with FIG.s 5 A, 
5B, 5C and 6 A), the amount of radiant energy from lamp 
10 (lamp 301 in FIG. 6) that escapes light pipe 41 at end 
1 64 is substantially increased, and may allow for the use 
of a lamp including a horizontal filament (filament 350 
in FIG. 6B). In one embodiment, a 28 volt, horizontal 
filament tungsten halogen lamp rated at 230 watts, man- 
*s ufactured by Sylvania, Inc. was used. 

The optimal combination(s) of lamp spacing, shape 
of the light pipes and taper angle can be empirically de- 
termined depending on the desired characteristics of the 
RTP chamber, and the substrate illumination require- 
so ments. By controlling these parameters, one is able to 
achieve a uniform intensity profile which can then be 
modulated by controlling the lamp power to individual 
lamps to provide dynamic temperature uniformity or 
simply improved steady state uniformity, while improv- 
es ing the energy efficiency of the individual lamps. 

Although, the light pipes, radiant energy sources 
and tapered specular reflectors are disclosed as having 
a one-to-one correspondence, the reflector concept, in 
an alternative embodiment, may be implemented by 
30 surrounding multiple radiant energy sources with a re- 
flector in conjunction with a tapered specular region. 
Such an arrangement is shown in FIG. 7, in which a re- 
flector 400 surrounds seven energy sources 39. Each 
reflector 400 includes a tapered specular region 401 at 
35 the end closest to the substrate. 

Alternatively, the reflectors may be concentrically 
arranged so that cylindrical reflectors with large diame- 
ters surround not only multiple radiant energy sources, 
but also reflectors with smaller diameters. FIG. 8 shows 
40 such an arrangement, in which five concentric, cylindri- 
cal reflectors 402, 404, 406,408, and 410 surround mul- 
tiple energy sources 39. Each reflector 402, 404, 406, 
408, and 410 includes a tapered specular region 414 at 
one end, out of which radiant energy may be reflected 
45 toward a substrate. 

In-summary, described herein is an apparatus and 
method for increasing the efficiency of radiant energy 
sources by coupling a flared specular reflector sleeve 
about the radiant energy source thereby directing more 
50 energy toward the desired portion of the substrate. 

The present invention has been described in terms 
of a preferred embodiment. The invention, however, is 
not limited'tothe embodiment depicted and described. 
Rather, the scope of the invention is defined by the ap- 
55 pended claims. 
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Claims grees. 

1. A thermal heating apparatus for heating a sub- 8. The apparatus of claim 7 where said taper angle is 

strate, during rapid thermal processing of the sub- approximately 1 to 30 degrees, 

strate, comprising: 5 

9. The apparatus of claim 2 wherein said radiant en- 

at least two radiant energy sources; ergy source includes a lamp envelope which is at 

at least one reflector to direct radiant energy least partially disposed within said reflector, said 

from at least one of said radiant energy sources lamp envelope including a first end near a base por- 

toward said substrate; and *o tion of said lamp and a second end, said tapered 

an aluminum specular reflector sleeve posi- region of said specular reflector beginning opposite 

tioned within said reflector at a first end thereof said second end of said lamp envelope, 
to reflect radiant energy from said at least one 

radiant energy source toward said substrate to 10. The apparatus of claim 2 wherein radiant energy 

radiate a limited area of said substrate, wherein is source includes a lamp envelope which is at least 

portions of radiated areas of adjacent radiant partially disposed within said reflector, said lamp 

energy sources overlap, the intensities at said envelope including a first end near a base portion 

portions adding to provide a radiation intensity of said radiant energy source and a second end, 

across said substrate which is dependent upon said second end of said lamp envelope terminating 

the intensity of said adjacent radiant energy 20 at approximately said first end of said reflector, 
sources. 



2. A thermal heating apparatus for heating a sub- 
strate, during rapid thermal processing of the sub- 
strate, comprising: 

at least two radiant energy sources; 

at least one reflector having a long central axis 

and a first end, said reflector to direct radiant 

energy from at least one of said radiant energy 

sou rces out said first end toward said substrate; 

and 

a specular reflector surface at said first end in- 
cluding a tapered region to reflect radiant ener- 
gy from said at least one radiant energy source 
toward said substrate to radiate a limited area 
thereof. 

3. The apparatus of claim 2 wherein said tapered re- 
gion reflects radiant energy from said at least one 
radiant energy source substantially parallel to said 
central axis. 

4. The apparatus of claim 2 wherein said specular re- 
flector has a first length and said tapered region 
comprises approximately 100 percent of said first 
length. 



11. The apparatus of claim 2 wherein said at least one 
radiant energy source includes a lamp envelope 
which is disposed within said reflector and said ta- 

25 pered region is opposite at least a portion of said 
lamp envelope. 

1 2. The apparatus of claim 2 wherein said specular re- 
flector is a sleeve. 

30 

13. The apparatus of claim 12 wherein said specular 
reflector has an outer surface covered in a material 
reflective of radiant energy. 

35 1 4. The apparatus of claim 1 3 wherein said material re- ■ 
flective of radiant energy is gold. 

15. The apparatus of claim 13 wherein said specular 
reflector sleeve is constructed of aluminum. 

40 

1 6. The apparatus of claim 2 wherein said radiant en- 
ergy source includes a filament oriented substan- 
tially perpendicular to said central axis. 

45 17. A thermal heating apparatus for heating a sub- 
strate, during rapid thermal processing of the sub- 
strate, comprising: 

at least two radiant energy sources; 
at least one reflector having a long central axis 
and a first end, said reflector to direct radiant 
energy from at least one of said radiant energy 
sources out said first end toward said substrate; 
and 

a specular reflector surface at said first end of 
said reflector, said specular reflector surface in- 
cluding upper and lower regions, said upper re- 
gion tapered for reflecting radiant energy from 



5. The apparatus of claim 2 wherein said tapered re- 
gion comprises approximately 30 to 50 percent of 50 
said first length. 

6. The apparatus of claim 5 wherein said tapered re- 
gion comprises approximately 30. percent of said 
first length. 55 

7. The apparatus of claim 2 wherein said tapered re- 
gion has a taper angle of approximately 1 to 89 de- 



30 

13. 
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said at least one radiant energy source toward 
said substrate to radiate a limited area of said 
substrate. 

1 8. The apparatus ot claim 1 7 wherein said tapered re- 
gion has a taper angle of approximately 1 to 89 de- 
grees. 

19. The apparatus of claim 18 where said taper angle 
is approximately 1 to 30 degrees. 

20. The apparatus of claim 17 wherein said radiant en- 
ergy source includes a filament disposed within said 
lamp envelope and said filament is oriented sub- 
stantially perpendicular to said central axis. 

21. A thermal heating apparatus for heating a sub- 
strate, during rapid thermal processing of said sub- 
strate, comprising: 

a plurality of radiant energy sources; 
a plurality of light pipes associated with said ra- 
diant energy sources, said light pipes including 
a first end from which radiant energy from said 
radiant energy source is directed toward said 
substrate; 

a specular reflector at said first end of said light 
pipes, said specular reflector including a ta- 
pered region to reflect said radiant energy from 
a radiant energy source toward said substrate 
to radiate a limited area of said substrate; 
a processing chamber in which the substrate is 
disposed, said processing chamber including a 
window positioned between said radiant ener- 
gy sources and said substrate, such that said 
radiant energy is reflected from said tapered re- 
gion through said window into said chamber to 
irradiate said substrate; and 
wherein portions of the radiated areas of adja- 
cent radiant energy sources overlap, the inten- 
sities at said portions adding to provide a radi- 
ation intensity across said substrate which is 
dependent upon the intensity of said adjacent 
radiant energy sources. 

22. A thermal heating apparatus for heating a sub- 
strate, during rapid thermal processing of the sub- 
strate, comprising: 

at least two radiant energy sources; 
at least one reflector having an interior surface 
and a first end, said reflector to direct radiant 
energy from said radiant energy source out said 
first end and toward said substrate; and 
a flared specular ^reflector sleeve positioned 
within said reflector at said first end to reflect 
said radiant energy from said radiant energy 
source and direct it toward said substrate to ra- 



diate a limited area of said substrate. 

23. An apparatus for rapid thermal processing of a sub- 
strate, comprising: 

5 

a evacuable chamber having a window; 
a plurality of radiant energy sources disposed 
outside of said chamber and positioned adja- 
cent to said window, said radiant energy sourc- 

10 es having a central longitudinal axis that ex- 

tends in a substantially perpendicular direction 
relative to said window; and 
reflectors associated with said radiant energy 
sources to direct radiant energy through said 

is window to radiate predetermined regions in a 

substrate in said chamber with a pattern of ra- 
diation intensity, said reflectors extending along 
a major portion of said longitudinal axis of said 
radiant energy sources, said reflectors includ- 

20 ing a tapered region at a first end adjacent to 

said window to reflect said radiant energy from 
said radiant energy source and direct it toward 
said substrate, and said radiant energy sources 
and said reflectors positioned so that a portion 

2$ of a predetermined region radiated by one ra- 

diant energy source overlaps a portion of a pre- 
determined region radiated by and adjacent ra- 
diant energy source to provide radiation inten- 
sity across the substrate that is dependent up- 

30 on the intensity of adjacent radiant energy 

sources. 
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